Seawater desalination is increasingly being pursued to address freshwater shortages. In California, multiple coastal seawater desalination facilities have been proposed to diversify water portfolios and to increase reliability of water supply. This paper explores local residents support for a newly constructed desalination plant in Carlsbad, a small coastal community in Southern California. The plant is the first high-capacity desalination facility in California and started operation in December 2015. We found strong support for the desalination plant as 71.9% of residents reported support for the plant. Only 15.5% of respondents were undecided indicating that residents had a clear opinion on the plant. Perceptions about local water resources were significant predictors of support. Attitudes may change over time if the state of water resources and perceptions thereof change. Expected outcomes of the plant also predicted support. An increase in available drinking water was a positive predictor, while environmental and social impacts were negative predictors. Economic impacts in terms of an increase in the price of water did not influence local support. Ethnicity and age were the only socio-demographic variables that had an effect on support suggesting that the socio-demographic profile of a community may not be a good predictor of community support or rejection of this water supply technology.
Introduction
Freshwater accounts for only 2.5% of the total volume of water on earth (Oki and Kanae, 2006; World Water Assessment Programme, 2009 ). Many regions worldwide are experiencing freshwater shortage due to increasing water consumption and environmental changes that are reducing the reliability of traditional water resources such as surface and groundwater sources (Bourne, 2008; Dolnicar and Schäfer, 2009; Seller, 2008) . In response, water agencies have started to adopt measure to reduce demand for water (e.g., water conservation measures) (Martin, 2015) and to increase water supply by pursuing new technologies including seawater desalination. Seawater desalination is particularly valued for the production of high quality drinking water, for being independent of climate and for providing a reliable source of water during droughts. The sector is growing and more than 17,000 desalination plants were in operation worldwide in 2013 with a global desalination capacity of more than 80 million cubic meters per day (International Desalination Association, 2014) .
In the US, seawater desalination is an emerging ocean sector with potential for growth in the future. Freshwater supplies in coastal areas relying on imported and groundwater sources have become increasingly unreliable with changing weather patterns, recurring droughts, and saltwater intrusion into aquifers due to low groundwater levels that could be aggravated by rising sea levels (Bourne, 2008; Heberger et al., 2009; Mirchi et al., 2013; Sellers, 2008) . Water authorities are subsequently seeking to diversify coastal water portfolios with seawater desalination. The technology is expected to reduce dependence on imported water and underground aquifers in coastal areas, and to help satisfy increasing demand for drinking water due to growth in coastal population and industries (California Coastal Commission, 2004 ; Monterey Bay National Marine Sanctuary and National Marine Fisheries Service, 2010; Peel and Choy, 2014; State of California Public Utilities Commission, 2015) .
Desalination development, however, remains controversial due to potential environmental economic, and societal impacts Fuentes-Bargues, 2014; Liu et al., 2013) . Seawater desalination is a relatively expensive technology that increases the water price for consumers Côté et al., 2005; Dawoud, 2005; Hinkebein and Price, 2005; Schiffler, 2004) . The development of desalination plants can also reduce public access to coastal areas, disrupt coastal recreation activities, and alter aesthetics of the coastal landscape (California Department of Water Resources, 2003; Liu et al., 2013; Sellers, 2008) .
Environmental impacts of desalination plants compare to some extent to impacts of other coastal developments (e.g. land use change) (Lattemann and Höpner, 2008) . Effects more specific to desalination are consequences of the intake of large quantities of water and brine discharge, including mortality of larvae and other organisms due to impingement and entrainment during seawater intake. Brine discharge can lead to degradation of marine habitats, impacts on marine life on the ocean floor, coastal eutrophication, and changes in seawater quality, in addition to changes in coastal hydrology during construction (e.g., Elimelech and Phillip, 2011; Lattemann and Höpner, 2008; Roberts et al., 2010; Sanchez-Lizaso et al., 2008) . Indirect impacts such as ocean acidification and sea level rise may also result from increasing greenhouse gas emissions from the relatively high energy consumption of operating seawater desalination plants Miller et al., 2015) . Specifically, as nearshore areas can be important habitat and spawning areas, both intake and brine discharge add further stress to marine environments already affected by a variety of anthropogenic activities (Halpern et al., 2008) .
Another consideration for seawater desalination plants are their effects on marine protected areas that are increasingly being established all around the world. One example in the US is the newly created Marine Protected Area (MPA) network along the coast of California. This network is the first of its kind in the US and consists of 124 MPAs intended to safeguard the productivity and diversity of marine life and habitats in coastal California for current and future generations (Natural Resources Defense Council, 2014) . Seawater intake and brine discharge from desalination plants built in close proximity to MPAs could have impacts on protected values within individual MPA sites. Reduction of larval connectivity between MPAs, due to entrainment and impingement in the intake pipes of desalination facilities, might further compromise the effectiveness of the broader MPA network (Natural Resources Defense Council, 2014) . While a number of studies have suggested that changes in marine ecosystems resulting from desalination activities might also lead to impacts on recreational and commercial marine users (Liu et al., 2013 ; Monterey Bay National Marine Sanctuary and National Marine Fisheries Service, 2010), these impacts have not been systematically studied to date.
Public perception of seawater desalination
Development of seawater desalination plants in the US has been slow so far. Changes in regulations (e.g., State Water Resources Control Board, 2014) and opposition of environmental groups and coastal residents have slowed down the development of proposed new plants (e.g., Desal Alternatives, 2013; Pasko, 2013) . Even though community acceptance can be critical for the implementation of desalination plants, little is known about community reactions to desalination plants and the variables that influence attitudes towards this water supply option.
Previous studies on attitudes towards water schemes, such as desalination, fall into three categories. The first include studies on general attitudes towards a water supply option by asking the public wide ranging questions that are not attached to a specific project. The second are studies focusing on public opinions on actual forthcoming water projects, and the third researches attitudes in locations where a new water supply scheme has already been put in place (Friedler et al., 2006) .
Compared to water conservation (e.g. Tortajada and Joshi, 2013 ) and alternative water schemes such as water recycling (e.g., Ching, 2016; Hartley, 2006; Bridgeman, 2004) , literature on attitudes towards seawater desalination is still very limited. Most previous studies on desalination fall into the first category and examine general attitudes towards seawater desalination as a water supply option and acceptance of using desalinated water (e.g., Dolnicar et al., 2011 Dolnicar et al., , 2010 Dolnicar and Schäfer, 2009; Theodori et al., 2009 ). These studies have been informed to a great extent by theoretical approaches in social psychology and psychological risk perception literature (e.g., Ajzen and Fishbein, 1988; Pidgeon and Beattie, 1998) . The main concerns with using desalinated water were perceived environmental impacts, costs, quality of desalinated water and associated health concerns. Acceptance was also influenced by socio-economic variables including education, age, and gender. Acceptors of desalinated water were older, male, educated, and had previously used desalinated water. Psychological factors that shaped acceptance of using desalinated water included positive attitude towards conservation and the environment, and social norms (Dolnicar et al., 2011; Dolnicar and Schäfer, 2009) . Environmental concerns also lowered public preference for desalination as an alternative water supply in Spain (Domènech et al., 2013) and Australia .
Studies on actual or forthcoming projects are even more limited. One study by Gibson et al. (2015) explored public acceptance of expanding desalination in Perth, Australia. The authors compared the influence of attitudinal and socio-demographic factors on public voting behavior for or against additional desalination plants in Perth in 2007 and 2012 and found support for the expansion of desalination in both years (74.5% in 2007 and 73.4% in 2012) but the drivers of acceptance changed over time.
Our work builds on existing studies and explores public support for a newly established desalination plant in a small coastal community in Southern California. In contrast to studies on general acceptance of seawater desalination , of using desalinated water (e.g. Dolnicar and Schäfer, 2009) , or support for future projects (Gibson et al., 2015) , we investigate local support for a local desalination project that has recently been completed. Understanding attitudes towards a particular project is crucial for the siting of new plants. Even if the wider consumer constituency is in favor of desalination, individual communities may oppose a project in their area, which can lead to significant delays or even abandonment of water supply projects Mainali et al., 2011; Pierce, 2013) . Assessing local residents' views on plants within their community is critical for understanding why communities support or oppose these projects.
The aims of the paper are to (1) assess local perceptions of water resources and outcomes of the newly built desalination facility; (2) evaluate local support for the plant; (3) identify variables that shape and predict local support. We explore whether the sociodemographic profile of a community affects local support as previous studies reported significant relationships between sociodemographic variables and attitudes towards proposed desalination plants (Gibson et al., 2015) and acceptance of using desalinated water (Dolnicar and Schäfer, 2009 ). We also investigate whether frequent use of local marine areas affects support since a number of studies have suggested that impacts on marine ecosystems from desalination might lead to impacts on recreational and commercial marine users and create conflicts with existing activities (Liu et al., 2013; Monterey Bay National Marine Sanctuary and National Marine Fisheries Service, 2010) .
Our study further investigates whether the design of the plant and the environmental context shapes local acceptance. Most common critiques of seawater desalination include environment impacts due to open-ocean intake, brine discharge, CO 2 emission, high costs, and loss of coastal access and scenery. While previous studies report that general environmental concerns and economic costs affect support for desalination Domènech et al., 2013; Gibson et al., 2015) , little is known about the influence of project specific outcomes on local support.
Another important consideration for public support of water supply schemes is the notion of threat perceptions (Marks, 2004) . The public is more likely to support new water supply schemes if there is a severe water crisis that threatens local water supply (Mankad and Tapsuwan, 2011) . On the other hand, threats to personal health, such as the concerns about quality of desalinated water have been found to reduce acceptance (Dolnicar and Schäfer, 2009) . Our study explores whether perceived threats based on concerns about the local water supply and perceptions about the quality of the local marine environment that is the water sources for the new desalination plant has any effect on local support.
In addition, we draw from the literature on the acceptance of other coastal resource projects (e.g. tidal energy, off-shore energy) and investigate the influence of place attachment. Whereas sense of place is concerned with factors creating bonds to a place (e.g. Stedman, 2002) , place attachment refers to the strength of bonds between humans and locations (Wynveen et al., 2011) . While place attachment can be assessed in many ways, the two main dimensions with strong foundations in the academic literature are place identity and place dependence (Manning, 2011; Williams and Vaske, 2003) . Place identity, emotional ties to a place, usually develops over time and refers to the symbolic meanings of an area. Place dependence is the functionality associated with an area and is represented by its tangible physical characteristics and attributes (Williams and Vaske, 2003) . As coastal residents and marine users often place emotional and functional importance to marine areas (e.g., Gee and Burkhard, 2010; Gray et al., 2010; Ressurreição et al., 2012) , place attachment can shape their attitudes towards the use or protection of these areas. Previous studies have reported that place attachment explained attitudes towards the use of coastal and marine resources even more than socio-demographic variables (Devine-Wright, 2011; Vorkinn and Riese, 2001) .
Residents further may oppose natural resource projects in their close proximity even though they would otherwise support them. We explore this issue in the context of desalination based on the NIMBY framework to identify whether proximity of residence to a new plant has an effect on support. The NIMBY framework has been widely used to explore if proximity to a new development influences local residents' attitudes. NIMBY has been explored since the early 1980s for multiple natural resource projects (e.g., energy plants, natural gas extraction, wind farms, off-shore oil drilling platforms) (Kahn, 2000; Michaud et al., 2008; Wolsink, 1994 Wolsink, , 2000 Jacquet, 2012; Johansson and Laike, 2007; Swofford and Slattery, 2010) . For desalination, NIMBY could provide insights to the question if coastal residents close to the new facility oppose the plant compared to those living further away. In this instance, the public may support desalination as a water supply option in general but not the construction of such a facility in their immediate vicinity.
Methods

Case study area
Carlsbad, a seaside resort of 112,299 residents in Southern California, is part of the San Diego County Water authority district ( which encompasses about 56,979 km 2 (22,000 square miles) from Point Conception in the north to Cabo Colnett in Baja California in the South. The coast adjacent to the plant consists of 50-70 m wide beaches backed in places by 12-24 high marine terrace bluffs. Important habitats in the area include intertidal sand habitats, subtidal soft bottom habitats, and subtidal hard bottom habitats. Abundant benthic organisms in the soft bottom habitats include clams, snails, polychaete worms, arthropods (crabs and shrimps), fishes and offshore kelp beds, while the nearshore water column contains pelagic fishes, phytoplankton and zooplankton. The San Diego water district receives about 64% of its drinking water from the Colorado River, approximately 20% from the state water project in Northern California, and only 16% from local sources (Anderson, 2015) . The supply from imported resources has become increasingly unreliable due to changing weather patterns, reduced snowpack in the Sierra Nevada mountains, less precipitation, and multi-year drought conditions (Mirchi et al., 2013) . To diversify its water portfolio, the San Diego Water Authority entered a 30-year water purchase agreement with a private investor, Poseidon Resources for 56,000 acre-feet of desalinated water per year starting at the time of operation of the new facility (San Diego County Water Authority, 2014). Water provided by the Carlsbad desalination plant will increase local supply to about 26% and increase water prices for homeowners by about $5 per month (San Diego County Water Authority, 2012). The plant has been in development since 1998. After multiple delays in the permitting process, the plant started operation in December 2015.
The newly constructed desalination plant is located in a more industrial area of the coast on the southern end of a 162 ha (400 acre) lagoon, the Agua Hedionda Lagoon, part of which is used for mussel and oyster aquaculture. Both, the lagoon and offshore areas are popular for fishing, paddle boarding, kayaking, beach walking, wildlife viewing (including nearby whale watching), recreational boating, and surfing.
At full capacity, the seawater desalination plant pumps about 300 million gallons per day (mgd) of seawater via an open ocean intake technology (California Water Boards, 2014; Poseidon Water, 2008 ). The desalination process uses 100 mgd of seawater to produce 50 mgd of high quality drinking water via reverse osmosis, and 50 mgd of salty brine with a concentration of about 67,000 ppm (twice the concentration of incoming seawater). Prior to discharge, the brine will be diluted with the additional 200 mgd of pumped seawater. Chemicals used in cleaning processes are discharged to the sanitary sewer system for treatment and disposal (Poseidon Water, 2016) .
The plant is co-located with the Encina power plant that has been in place since 1954. While the desalination plant gets its energy from the power supply network in San Diego County and not the Encina power plant directly, it shares the existing seawater intake and outfall infrastructure. The co-location eliminated the need to construct new intake and outfall structures. As the desalination plant is expected to outlast the Encina power plant, the plant operator has acquired the right to use the intake and outfall structures for up to 60 years to ensure continued full operation (Poseidon Water, 2016).
Mail survey among local residents
We conducted a questionnaire-based survey between March and May 2015 to identify factors that shape coastal residents' attitudes towards the seawater desalination plant. At the time of the study, the desalination plant had finished construction but had not yet started operation. Questionnaires were administered by mail to a sample of 1500 residents in Carlsbad, California. The sample was randomly selected from postal records. Questionnaires were administered using three mailings following Dillman et al. (2014) . The first and third mailings consisted of a cover letter, a booklet style questionnaire, and a prepaid return envelope. The second mailing consisted of a postcard reminder to residents who had not responded to the first mailing. The third mailing was sent only to addresses that had either not responded to the survey or were returned as undeliverable in the first or second mailings (Vaske, 2008) . The total sample size was 330 with and response rate of 25% after accounting for undeliverable mail (n = 159). This response rate is consistent with similar mail surveys asking the public about natural resource issues (Connelly et al., 2003; Perry et al., 2014; Vaske, 2008) .
Variables
Attitude towards the plant (dependent variable): We assessed attitudes towards the local seawater desalination plant on a 5-point scale from 1 = strongly oppose to 5 = strongly support. Answers were coded into 1 = support/strongly support and 0 = otherwise for correlation and binary regression analysis.
Socio-demographic variables: We collected information on age, gender, education, race, environmental NGO membership (Table 1) , and participation in five marine activities in Carlsbad (Table 2) .
Perceptions about water resources: Perceptions about the state of the local marine environment that is the source for drinking water production by the desalination plant was measured on a 5-point scale from 1 = very poor to 5 = excellent. Concern about the local water supply was assessed on a 5-point scale from 1 = not at all concerned to 5 = extremely concerned.
Perceptions about plant outcomes: We collected information on expected outcomes for nine items on a 3-point scale from 0 = no change to 2 = very positive/very negative impact.
Place attachment: We measured place attachment based on six items similar to those used by Perry et al. (2014) . We included three items on place identity (emotional ties to a place related to its symbolic meanings of an area) and three items on place dependence (functionality associated with an area represented by its tangible physical characteristic and attributes) (Williams and Vaske, 2003) (Table 2) .
Proximity to plant: We geocoded residential address information of respondents and measured the distance of each address to the desalination facility using ArcGIS 10.2. All residents surveyed lived within a 15 km radius of the plant (Fig. 2) .
Data analysis
Data were analyzed using SPSS 23. We used a binary regression model to identify variables that predict support. Cases with missing values were deleted using listwise deletion. While all variables had between 304 and 331 responses, list wise deletion resulted in 290 valid cases for the regression model. Support was coded as 1 = support/strongly support and 0 = otherwise. Plant outcomes were coded on a 3-point scale from 0 = no negative/ positive change to 2 = very positive/negative impact. We combined negative outcomes based on the mean of six items with a Cronbach's Alpha of 0.805. Due to a low Cronbach's Alpha of 0.351 for the three positive outcomes, we only retained an expected increase in drinking water as the positive outcome variable. The deletion of change in water level or saltwater intrusion did not increase Cronbach's Alpha enough to retain two or more positive outcomes (Table 3) . We dummy coded place attachment as 1 = agree/strongly agree and 0 = otherwise and engagement in ocean activities as 1 = sometimes/often/almost every day and 0 = otherwise, to reduce correlation coefficients between independent variables. We kept two variables on ocean use, fishing and recreation (reliability analysis in Table 2 ) as fishing may be affected by water intake due to impingement and entrainment while recreation may be more affected by concerns about ocean water quality due to brine discharge and disruption of access to coastal areas.
Results
Perception of water resources
We first assessed perceptions of water resources. 52.5% of residents in Carlsbad were extremely concerned about water supply in their community (Fig. 3) . 67.8% thought that the local marine environment that is the water source for desalination is in good to excellent condition (Fig. 4) . 
Perception of plant outcomes
Residents expect negative and positive outcomes from the plant (Fig. 5) . The main expected benefit was an increase in local drinking water.
Expected negative impacts were impacts on the marine ecosystems due to water intake and brine discharge, an increase in the price for drinking water, and the amount of CO 2 emitted from the plant, due to the high energy demand of seawater desalination.
Local support for the plant
The majority of respondents had clear opinions about the new facility. 71.9% respondents supported or strongly supported the new desalination facility (Fig. 6) . Only 12.6% of respondents opposed the plant and 15.5% were undecided.
Variables that shape local support
Non-parametric correlation analysis revealed that perceptions about water resources and positive outcomes from the plant, as well as age and race were positively correlated with support for the plant (Table 4) . Perceived threat to the local water supply, measured as concern for local water supply, correlated significantly and positively with support and was the variable that correlated most positively with support. An expected increase in drinking water and perceptions about the state of the local marine environment also correlated positively with support, but the correlation was weaker compared to concerns about drinking water (Fig. 7) . White and older residents reported high levels of support. All other socio-demographic variables did not correlate significantly.
Perceived negative social and environmental impacts correlated significantly and negatively with support. The highest correlation coefficients were impacts on marine areas and marine activities, and disruption of coastal scenery and access. An increase in the price of water did not correlate significantly, even though residents expected an increase in the price (as seen in Fig. 5 ). Frequent use of marine areas also correlated significantly and negatively with support. Frequent surfers, in particular, reported less support for the plant, followed by fishermen and people who use the local beaches frequently. Place attachment correlated significantly and negatively with support indicating that not just the physical use of marine areas but also emotions and functional ties to these areas influence local support. The correlation coefficient was, however, smaller than coefficients for perceived environmental and social impacts. Place attachment therefore seems to play a role for local support, but to a smaller degree than perceptions about expected positive and negative impacts. 
Which variables predict local support?
Binary logistic regression reveals that our variables explain a fair amount of variance in support for the plant (R 2 = 0.509) ( Table 5 ). The strongest predictors for support were expected increase in water supply and race, indicating that being white is a significant and positive predictor of support. Age also regressed positively with support but the regression coefficient was relatively small compared to those with race and expected increase for water supply, which indicates that age is not a very strong predictor for support. Concerns about the local water supply and perceived condition of the local marine environment also regressed significantly and positively with support but the regression coefficients were smaller compared to expected increase in water supply and race. The strongest negative predictor for support were perceived negative impacts from the plant and frequent use of the local marine areas for fishing. These two variables were in fact the two strongest significant predictors in our model. Recreation and place attachment did not regress significantly, even though these variables correlated significantly and negatively with support. The correlation between place attachment and recreation (0.325), based on the correlation matrix of our model, may have contributed to the non-significant regression of these two variables (Appendix A).
Discussion
Our study provides novel insights into coastal residents' support for a local seawater desalination plant in a small coastal community in Southern California. Most residents had formed an opinion and either supported or opposed the plant with only 15.5% of respondents being undecided. More than 70% of sampled residents supported the seawater desalination plant, which is similar to findings of Gibson et al. (2015) who reported 73% and 74% support for future desalination plants in Perth, Australia, in 2007 and 2012 . Perth, a large urban region, already receives about 39% of its water from two desalination plants (Water Corporation, 2014) . Carlsbad is a small coastal community and the new plant is not only the first plant in Carlsbad but also the first high capacity facility in California. The similar high support in Perth and Carlsbad suggests that the size of a community and lack of experience with desalination may have little influence on support for specific desalination projects.
One possible explanation for the strong support for desalination in Carlsbad could be that our survey was conducted in the fourth year of a prolonged drought with below average precipitation (State Water Resources Control Board, 2015) . In 2015, the state of California mandated emergency conservation regulations throughout California to address severe water shortages (State Water Resources Control Board, 2015) . Residents in our study who were very concerned about local water supply and expected a very positive effect from the plant on availability of drinking water reported high levels of support. Our regression model also confirmed that a perceived threat to the local water supply, measured in our study as concern, predicts support for this technology. Support may decline in periods with higher precipitation and less concern about drinking water supply. Models of longterm precipitation patterns and drinking water availability that justify the ongoing need for new plants might address this issue and maintain concern for reliability of drinking water supply and continued public support. The perceived state of the marine environment that is the plant's water source was also a significant predictor. If the health of the marine environment deteriorates (e.g. due to oil spills, harmful algal blooms), support may decline if this raises concerns about the quality of produced drinking water. Overall, these findings suggest that the environmental context of a plant plays an important role for public support.
Perceived negative impacts from the plant were the strongest predictors reducing support for seawater desalination in our study. This finding is similar to the results of Gibson et al. (2015) who also found that perceptions about outcomes predicted support for proposed desalination plants. Perceived environmental impacts in our study included impacts on the marine ecosystem due to the open-ocean intake and the discharge of brine. Use of sub-surface intake technologies and/or mitigation of impacts may increase support from community members opposing seawater desalination because of its impacts on marine ecosystems. While the plant operator has developed a mitigation plan to off-set entrainment impacts via the creation of wetlands, the plan does not consider other marine impacts.
Because the Carlsbad desalination plant is co-located with the existing Encina power plant and shares the existing intake and outfall infrastructure, the desalination plant did not require construction of additional infrastructure and associated environmental disruptions. The marine ecosystems are also already affected by water intake and outfall from the power plant. Yet, perceived impacts from the plant on the marine ecosystem were still high and significantly reduced support. Residents therefore may have been concerned about desalination-specific impacts (e.g. discharge of brine) that will add additional stress to local marine ecosystems. Future studies could investigate whether perceived impacts on marine ecosystems are different for plants that are colocated with power plants and those that are not, to identify if colocation has any effect on local perceptions and support for desalination facilities.
Expected CO 2 emissions from the plant, driven by the high demand of energy from non-renewable resources, also significantly reduced support. Reduction of energy usage for the desalination plant and/or an increase in renewable energy sources could play an important role in gaining public support. The high energy demand and greenhouse gas emissions from desalination plants could further reduce support, if concerns about climate change and its impacts on marine ecosystems (e.g., ocean acidification) remain or increase. The plant operator in Carlsbad has developed a mitigation plan to offset impacts of greenhouse gas emission. It was not clear in our study if this plan had any effect on the perceived CO 2 emission from the plant. Residents, for example, may not have been aware of the mitigation plan or might prefer to reduce rather than off-set emission (e.g., using renewable energy resources). Future research could investigate this point in more detail to provide more insights into the effect of energy use and greenhouse gas emission on support for desalination.
Expected impacts on coastal scenery and coastal access also significantly reduced support. This finding suggests that the longterm existence of the co-located power plant did not alleviate perceived impacts on coastal areas close to the plant. Even though the desalination plant is smaller than the adjacent Encina power plant, and is located further away from the beach, residents apparently still did not appreciate the additional impacts on the coastal scenery. Local residents therefore may feel protective about the coastal scenery and not welcome any further development close to the shore.
Residents who frequently use local marine areas for fishing, surfing, swimming, and beach walking were also less supportive of the new facility. The Carlsbad plant is situated at a very popular beach with a high volume of recreational use. A potential explanation for less support by surfers and swimmers may be that these activities require physical contact with ocean water in the vicinity of the plant, and people may have concerns about the quality of ocean water in areas close to the point of discharge. Monitoring water quality may help reduce conflicts with recreational users close to a desalination facility. Fishermen may worry about declining fish resources due to impingement and entrainment at the open-ocean water intake or effects of brine discharge on food webs. Engaging with marine stakeholders seems important to further understand the views of these groups on desalination and to identify and manage potential conflicts with existing marine activities.
Residents also expected an increase in the price of water but this increase did not reduce support for the plant. One explanation might be that Carlsbad is an affluent community and the benefits of a reliable water source, especially in times of droughts and potential mandatory water conservation measures, may outweigh the need to pay more for water. An increase in the price of drinking water may play a significant role for local support in less affluent communities.
Age and race were the only socio-demographic variables that predicted support with white and older residents being supportive of the plant. This finding corresponds to a study on the acceptance of using desalinated water by Dolnicar and Schäfer (2009) who also reported that white and older people were more receptive to using desalinated water. In contrast to this study, education and gender did not predict support in our study suggesting that sociodemographic variables may have larger effects on the acceptance of using desalinated water than on support for a desalination facility. Gibson et al. (2015) also reported almost no significant influence of socio-demographic variables on support for proposed desalination plants. These findings suggest that the sociodemographic profile of a community might not be a decisive factor for local support or rejection of a desalination facility.
Place attachment correlated significantly and negatively with support for the plant, indicating that strong emotional and functional ties to local marine areas shaped local views on the new facility. This finding is similar to a study by Devine-Wright and Howes (2010) who found that a perceived threat to place identity led to negative attitudes towards an off-shore wind farm. In our case, residents who attach high emotional and functional values to marine areas may perceive the new plant as a threat to those values given expected negative impacts on local marine ecosystems. Place dependence on marine areas may also explain why marine users were less supportive of the new facility, since functional ties to an area and actual use were related in our study. While place attachment and recreational use did not regress significantly in our model, both variables were correlated, which may have affected regression outcomes. At the same time, place attachment did not correlate very highly with support compared to other variables. The lack of a significant regression may also indicate that attachment to marine areas is not a good indicator of support, or lack thereof, for seawater desalination, even in small communities with strong emotional and functional ties to the ocean. More studies are needed to increase our understanding of the effects of place attachment to marine areas on support for ocean sectors such as desalination.
We found no significant effect of distance from the plant and support. Resident living closer to the plant did not support the new facility more or less than residents living further away. A limited explanatory power of proximity has also been found in multiple studies on public attitudes in other natural resource sectors (Ek 2005; Jacquet, 2012; Michaud et al., 2008) and desalination in Australia . In our case, the desalination plant is located in a mainly industrial area next to the Encina power plant and separated from residential areas by the Agua Hedionda Lagoon. The desalination facility is small compared to the power plant and does not produce high levels of noise or visible point source gas emission. Residents living closer to the plant therefore may not be more affected by the plant than other residents, which may explain the absence of the NIMBY effect. In contrast, a proposed desalination plant in Santa Cruz that would have been located close to a very affluent residential neighborhood was put on hold after strong community resistance, including a number of complaints about expected impacts on quality of life and property price in residential areas close to the proposed plant (City of Santa Cruz, 2013). Hence, the siting of the Carlsbad facility may have played a role in the absence of the NIMBY concept in our study.
Limitations
Our study was conducted after a period of severe droughts, which could have influenced the high level of support for desalination as a climate independent water supply option. The plant in our study was also co-located with an existing power plant, which may have had an effect on public perceptions and support for a plant. In addition, we applied a quantitative approach to understand public support for seawater desalination. More indepth, qualitative research, similar to a study conducted by Lejano and Leong (2012) on public support for a recycled water scheme, could add more insights into our understanding of why local communities support or reject seawater desalination projects.
Conclusions
Declining reliability of imported water sources, overtaxing of coastal aquifers, and rising demands for drinking water are stimulating the development of seawater desalination in the US and in particular California. Our data provide insights into variables that shape local support of an existing recently constructed seawater desalination plant. We found that perceptions about water resources and perceived costs and benefits of desalination in terms of negative and positive impacts of the pant were significant predictors of support. Support for the plant may vary over time if environmental conditions and perceptions change. Demonstrating the need for desalination based on long-term predictions of precipitation patterns and water supply could be critical to sustain support over time. In addition, reducing or mitigating perceived impacts on marine areas and CO 2 emission from plant operations could help to increase and sustain community support for a local facility. The findings also indicate that common criticisms of desalination, in terms of impacts on marine areas and CO 2 emission, reduced support but economic factors did not. Additional studies are needed to identify if these expected outcomes are consistent predictors for reduced support for desalination plants or if the influence of these variables varies depending on the local context of a plant.
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